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IMPROVED METHODS FOR DETECTING NUCLEIC ACID SEQUENCES 

v = BafikgmaPd Of the Invention 
The invention relates to the use of cycling probe reactions to detect the presence of 
5 nucleic acid sequences: 

Numerous methods are known to the art for detecting the presence of specific nucleic 
acid sequences in a sample. One such method is the Cycling Probe Reaction (CPR). In this 
reaction, a probe specific for a sequence to be identified hybridizes to a target single strand 
nucleic acid to form a duplex nucleic acid. The probe includes a scissile link which becomes 
10 susceptible to cleavage upon formation of the duplex. For example, a DNA probe can 

include an RNA sequence segment. Formation of a duplex between such a probe and a single 
strand DNA molecule results in an RNAiDNA hybrid duplex. RNase H, which cleaves the 
RNA strand of an RNA:DNA hybrid duplex, is used to cleave the target-bound probe. 
Detection is based on this hybridization-specific cleavage. The cleaved probe disassociates 
1 5 from the target and the target can enter the cycle with a new, uncleaved, probe. 

CPR technologies are described in Duck et al. U.S. Patent No. 4, 876,1 87, issued 
October 24, 1989, hereby incorporated by reference, and in Duck et al. U.S. Patent No. 
5,01 1,069, issued April 30, 1991, hereby incorporated by reference. 

20 Summary of the Invention 

The invention features a method for detecting a single-stranded target nucleic acid. 

The method includes: 

a. providing a reaction mixture which includes the target nucleic acid, a 
complementary single-stranded nucleic acid probe, the probe being present in molar excess 
25 relative to the target and having the structure [NA \ -R-NA2] n wherein NA] and NA2 are 

DNA sequences, wherein R is a scissile nucleic acid linkage, and wherein n is an integer from 
1 to 10, and RNase H, the RNase H being present at a chemical potential sufficient to 
substantially increase the rate of duplex formation over what would be formed in the absence 
of the RNase H, and allowing target-probe duplex to form; 
30 b. treating the target-probe duplex from step (a) so as to cleave the probe within a 

predetermined sequence of the scissile nucleic acid linkage and thereby form at least one 
intact DNA-containing oligonucleotide fragment from the probe, such fragment being, or 
being treated so as to be, no longer capable of remaining hybridized to the target nucleic acid; 

c. repeating the cycle of steps (a) and (b); and 
35 d. detecting the intact DNA-containing fragments so formed and thereby 

detecting the single-stranded target nucleic acid. 

Also included in the invention is a reaction mixture which includes: 

a single-stranded target nucleic acid; 
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a complementary single-stranded nucleic acid probe, the probe being present in molar 
excess relative to the target and having the structure [NAi-R-NA 2 ] n wherein NA] and NA2 
are DNA sequences, wherein R is a scissile nucleic acid linkage, and wherein n is an integer 
from 1 to 10; and 

5 a RNase H, the RNase H being present at a chemical potential sufficient to 

substantially increase the rate of duplex formation over what would be formed in the absence 
of the RNase H. 

Other features and advantages of the invention will be apparent from the following 
detailed description and from the claims. 
10 PefqjM Description 

The drawings are first briefly described. 
Drawings 

Fig. 1 is a diagram of an improved CPR. 

Fig. 2 is a depiction of a gel showing the products of an improved CPR. 
1 5 Tm, as used herein, refers to the midpoint of the duplex to single strand melting 

transition. 

The chemical potential of a reagent, as used herein, refers to the free energy change of 
a reaction mix when the reagent is added to the reaction mixture. Chemical potential is a 
more exact measure of the activity of a species in a given reaction under a given set of 

20 conditions and takes into account considerations such as the number a sites a species can 
react with and whether all molecules of a species are available for reactions. The chemical 
potential of the species can usually be most directly manipulated by changing the 
concentrations of a species. The unit of chemical potential is free-energy, e.g., of cal/mole or 
J/mol, but in the methods described herein determination of an absolute chemical potential is 

25 not required. Most of the methods disclosed herein require reaction mixtures in which the 
ratio of chemical potential between two species, or the difference between the chemical 
potential of two species, is required to be such that the chemical potential of the RNase H is 
sufficient to drive the reaction towards the duplex. 

Purified nucleic acid, as used herein, refers to a purified DNA or RNA. Purified 

30 DNA, as used herein, refers to DNA that is not immediately contiguous with both of the 
coding sequences with which it is immediately contiguous (i.e., one at the 5' end and one at 
the 3* end) in the naturally-occurring genome of the organism from which the DNA is 
derived. The term includes, for example, a recombinant DNA which is incorporated into a 
vector, e.g., into an autonomously replicating plasmid or virus, or into the genomic DNA of a 

35 prokaryote or eukaryote, or which exists as a separate molecule (e.g., a cDNA or a genomic 
DNA fragment produced by PGR or restriction endonuclease treatment) independent of other 
DNA sequences. Purified RNA, as used herein, refers to an RNA which is substantially free 
of another RNA sequence with which it is found in a cell which produces the RNA. A non- 
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naturally occurring nucleic acid sequence is purified when it is substantially free of other 
sequences. 

Purified natural product, as used herein, refers to a product which is produced by an 
organism and which is substantially free of a macromolecule, e.g., a protein or a nucleic acid, 
5 with which it occurs in an organism from which it is derived. 

Product which does not naturally occur in living cells, as used herein, refers to a 
product which is not synthesized or produced by living cells or organisms. 

Methods of the invention allow CPR reactions to be driven by RNase H. As such, the 
rate of the reaction is controlled by the concentration or chemical potential of the RNase and 
1 0 not the probe or target nucleic acids. 
CPR Pro bes 

The making and using of CPR probes is known to the art, see e.g., Duck et al. U.S. 
Patent No. 4, 876,187 or Duck et al. U.S. Patent No. 5,01 1,069. 

The nucleic acid probe which is useful in the practice of this invention comprises the 
1 5 structure: 

[NAi-R-NA 2 ] n 

wherein NAi and NA 2 are nucleic acid sequences, wherein R is an RNA sequence; and 
20 wherein n is an integer from about 1 to about 10. 

In one embodiment of this invention, NAj and NA 2 , in the nucleic acid probe 

independently comprise from about 0 to about 20 nucleotides, R comprises from about 1 to 

about 1 00 ribonucleotides, or more, and n is an integer from about 1 to about 1 0. 

In another embodiment of this invention, NAj and NA 2 in the nucleic acid probe are 
25 DNA sequences. In a further embodiment ,NAj and NA 2 in the nucleic acid probe are RNA 

sequences. In still yet another embodiment, the nucleic acid probe comprises a structure 

wherein NA] is either an RNA or DNA sequence. 

In one embodiment, nicking the hybridized probe at predetermined RNA sequences is 

carried out with a double-stranded ribonuclease. Such ribonucleases nick or excise 
30 ribonucleic acid sequences from double-stranded DNA-RNA hybridized stands. An example 

of a ribonuclease useful in the practice of this invention is RNase H. Other ribonucleases and 

enzymes may be suitable to nick or excise RNA from RNA-DNA strands, such as Exo III and 

reverse transcriptase. 

The molecules of the present invention may have a detectable marker attached to one 
35 or more of the nucleic acid sequences, NA] or NA 2 . This marker is contemplated to be any 
molecule or reagent which is capable of being detected. Examples of such detectable 
molecules are radioisotopes, radiolabeled molecules, fluorescent molecules, fluorescent 
antibodies, enzymes, or chemiluminescent catalysts. Another suitable marker is a ligand 
capable of binding to specific proteins which have been tagged with an enzyme, fluorescent 
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molecule or other detectable molecule. One example of a suitable ligand is biotin, which will 
bind to avidin or streptavidin. 

In one embodiment of this invention, the nucleic acid probe is.immobilized on a solid 
support. In another, the nucleic acid probe is labeled with a detectable marker. 
5 When the nucleic acid sequences, -N A \ and NA2 are DNA, the R portion described 

above may also be properly termed a scissile linkage in language consistent with usage in 
U.S. Patent No. 4,876,1 87. Such a linkage is capable of being cleaved or disrupted without 
cleaving or disrupting any nucleic acid sequence of the molecule itself or of the target nucleic 
acid molecule. As used herein, such a scissile linkage, i.e., R, is any connecting chemical 

1 0 structure which joins two nucleic acid sequences and which is capable of being selectively 
cleaved without cleavage of the nucleic acid sequences to which it is joined. The scissile 
linkage may be single bond or a multiple unit sequence. As used herein, R denotes a 
ribonucleic acid (RNA) sequence. 
Improved Cycling Probe Reactions 

15 Fig. 1 describes improvements on a reaction scheme often referred to as a Cycling 

Probe Reaction (CPR). In this reaction a probe hybridizes to a target to form a duplex. The 
probe includes a scissile link, which becomes susceptible to cleavage upon formation of a 
duplex. For example, the probe can have an RNase sensitive segment. Formation of a 
duplex between such a probe and a single strand DNA molecule results in an RNA:DNA 

20 hybrid duplex. An enzyme which cleaves RNA:DNA hybrids, e.g., RNase H, cleaves the 
probe only when it is bound to the target. Detection is based on this hybridization-specific 
cleavage. RNase binds the duplex to form a duplex: RNase complex. Cleavage results in a 
cleaved probe:target complex. The cleaved probe disassociates from the target and the target 
can enter the cycle with a new, uncleaved, probe. 

25 Methods of the invention can be used to improve the performance of this reaction. As 

often used, this scheme is inappropriate for detecting a target sequence when insufficient 
RNase H is present. Traditionally, probe concentration has been increased in attempts to 
drive the basic reaction to the right. As described herein, increasing the chemical potential of 
RNase H in the reaction mix will also favor the formation of duplex. Since RNaseH dictates 

30 duplex:RNaseH complex formation increasing the potential of this species in the reaction mix 
will favor generation of duplex substrate and therefore of cleaved-probe (signal). Thus, the 
addition of RNase H can be used to increase sensitivity. 

The method can be used for detecting a single-stranded target nucleic acid. In one 
embodiment, a reaction mixture is provided which includes the target nucleic acid, a 

35 complementary single-stranded nucleic acid probe, the probe being present in molar excess 
relative to the target and having the structure 

[NA^R-NA^n 
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wherein NAj and NA2 are DNA sequences, wherein R is a scissile nucleic acid linkage, and 
wherein n is an integer from 1 to 10, and RNase H. The RNase H is present at a chemical 
potential sufficient to substantially increase the rate of duplex formation over what would be 
formed in the absence of the RNase H. The mixture is maintained under conditions which 

5 allow target-probe duplex to form. The target-probe duplex from step (a) is treated so as to 
cleave the probe within a predetermined sequence of the scissile nucleic acid linkage and 
thereby form at least one intact DNA-containing oligonucleotide fragment from the probe, 
such fragment being, or being treated so as to be, no longer capable of remaining hybridized 
to the target nucleic acid. The cycle of steps (a) and (b) are then repeated and the intact DNA 

1 0 containing fragments so formed are detected to thereby detect the single-stranded target 
nucleic acid. 

In one certain embodiment, the method is performed at a temperature above the Tm of 
the duplex. For example, the temperature can be at least x C°, wherein x is 5, 10, 20, 30, 40, 
50, 60, 70, or 80, above said Tm. 

1 5 In preferred embodiments the rate of duplex formation is increased by at least y fold, 

wherein y is 2, 5, 10, 50, 100, 500, 10 3 , 10 4 , \0 5 , 10 6 , by the addition of RNase H. The 
RNase H can be used to drive formation of duplex under conditions where the rate of duplex 
formation in the absence of RNase H would be substantially zero. 

In various embodiments of this invention, the concentration, number of molecules of, 

20 or the chemical potential of, the RNase H is greater than the concentration, number of 
molecules present, or chemical potential of the probe, the target, both the probe and the 
target, the duplex, or the combination of the probe, the target, and the duplex, e.g., at least z 
fold greater, wherein z is at least 1, 2, 5, 10, 25, 50, 100, 500, 10 3 , 10* 105 or, 10*. 

In certain embodiments, the concentration, number of molecules of, or the chemical 

25 potential of, the RNase H is sufficient to allow: detection of one target molecule in a 

biological sample, preferably with a CPR probe labeled with an activity of 40,000 cpm/pl, 
using 20,000 cpm per reaction, detection of a target strand at a concentration of 10" 5 pMole 
or less, preferably the detection being carried out with a CPR probe labeled with an activity 
of 40,000 cpm/pl, using 20,000 cpm per reaction; detection of a target strand at a 

30 concentration of 1 0" 6 pMole or less, preferably the detection being carried out with a CPR 
probe labeled with an activity of 40,000 cpm/pl, using 20,000 cpm per reaction; detection of 
a target strand at a concentration of 1 0' 7 pMole or less, preferably the detection being carried 
out with a CPR probe labeled with an activity of 40,000 cpm/pl, using 20,000 cpm per 
reaction; detection of a target strand at a concentration of 10" 8 pMole or less, preferably the 

3 5 detection being carried out with a CPR probe labeled with an activity of 40,000 cpm/pl, using 
20,000 cpm per reaction; detection of a target strand at a concentration of 10" 9 pMole or less, 
preferably the detection being carried out with a CPR probe labeled with an activity of 40,000 
cpm/pl, using 20,000 cpm per reaction; detection of a target strand at a concentration of 10" 
10 pMole or less, preferably the detection being carried out with a CPR probe labeled with an 



/ 



WO 95/00667 



PCT/US94/06855 



-6- 

activity.of 40,000 cpm/jil, using 20,000 cpm per reaction; detection of a target strand at a 
concentration of 10" 1 1 pMole or less, preferably the detection being carried out with a CPR 
probe labeled with an activity of 40,000 cpm/fil, using 20,000 cpm per reaction; detection of 
a target strand at a concentration of lO' 12 pMole or less, preferably the detection being 
5 carried out with a CPR probe labeled with an activity of 40,000 cpm/^il, using 20,000 cpm 
per reaction. 

The probe and the target can be present in substantially equal amount, concentration, 
number, or chemical potentials in said reaction mix. The ratio by weight, molarity, number, 
concentration, or chemical potential of the probe to the target can be less than or equal to 1:1, 
10 2:1, 5:1, 10:1, 25:1, 50:1, 100:1, or 10 m :l, wherein m is an integer between 3 and 10, 

inclusive. The ratio by weight, molarity, number, concentration, or chemical potential of the 
RNase H to the single strand in the highest concentration can be greater than 1:1, 2:1, 5:1, 
10:1, 25:1, 50:1, 100:1, or 10 m :l, wherein m is an integer between 3 and 10, inclusive. 

In preferred embodiments the RNase H will accelerate the rate of duplex formation at 
15 least n-fold, wherein n is 2, 5, 10, 50, 100, 500, 10^, 10* 10*, 10* 

Methods and compositions of the invention are illustrated in the following example. 

Example 

An illustration of driving duplex formation in a CPR by chemical potential of RNase 
H in order to detect a target nucleic acid under conditions where there is too little RNase for 

20 duplex formation is given below. The chemical potential driving duplex formation is 

provided by a high concentration of RNase H. The RNAse H enzymatic activity cleaves the 
probe so as to produce a gapped duplex in which both double stranded regions are more 
unstable than the original probe: target duplex. Under appropriate experimental conditions 
this allows the reaction to proceed and cycle even though the reaction is performed at a 

25 temperature (65°C) well in excess of the Tm for the probe:target complex. 

Reaction Conditions: The following reaction scheme was employed: IjaLofaS* 
32 P labeled probe sequence (the probe is a composite DNA-RNA molecule having a central 
RNA region disposed between two terminal DNA regions, is 28 bases in length, and is 
complementary to the target sequence) was added to tubes containing 1 |il of target 

30 homologous DNA and 0.5 jil.of a buffer composed of 50mM Tris-Cl/lOmM MgCl2 (pH7.5) 
and 2.5 |iL of ddl^O. A lul aliquot of highly concentrated RNAse H was then added and 
samples placed at 65°C. The RNAse H concentration was high enough to both facilitate 
formation of the duplex and to cleave the duplexes formed so as to create a situation where 
"cycling" occurred driven by the forward chemical potential for enzyme driven duplex 

35 formation and the backward potential for product dissociation (e.g., more than one probe 

could react with the same target). In order to assess whether the chemical potential provided 
by the enzyme was sufficient to allow detection of 1 target molecule the target concentration 
(number of molecules) was serially diluted in tenfold increments. 

The RNase H digestion procedure for DNA:RNA oligo hybrids was as follows: 
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J . Probe Labeling: The chimeric "probe" was labeled with kinase and isolated 
using a 20% denaturing acrylamide gel. 

2. Dilutions: The target was serially diluted by a series of 0. 1 x dilutions to 
provide the desired concentrations. The first of the series usually starts at a concentration of 

5 1 pmole/^1 and is serially diluted to 1 0" 1 2 pmole/|^. 

3. Test range: \\x\ of diluted target sample was added to a tube. For example, l\i 
1 from the lpmole/jil tube was placed in the tube marked for the lpmole of target reaction. 2 
^1 of sterile ddf^O was added to the first control tube (-targetARNase H) to account for the 
volume contributed by the enzyme and the target in the enzyme and target containing tubes. 

10 1 |il sterile dd^O was added to the second control tube (-target/+RNase H) to account for the 
volume contributed by the target in target containing tubes. 

4. Reaction cocktail: The following reaction cocktail was made: 0.5|xlofl0x 
RNase H buffer (10X RNase H buffer consists of 0.5M Tris-Cl (pH 7.5) 0.1M MgC12 and 
should be sterilized) time the number of reactions +1 ; X^il of probe (for 20,000 cpm per 

1 5 reaction) times the number of reactions +1 ; Yj±Lsterile ddH20 to 3|il times the number of 

reactions +1 ; and 3|al total volume times the number of reactions +1 . 

To test the sensitivity of a probe to detect lpmole to 10" 12 pmole of target 13 

individual dilutions and 2 controls, -RNase HATarget and +RNase HATarget are needed. 

Therefore, there are 15 reaction in all. The cocktail thus includes: 
20 a. the amount of 1 Ox RNase H reaction buffer with a base volume of 5 nl per 

reaction is: 0.5^1 times 16 (the number of reaction +1) which is equal to 8.0|il of lOx RNase 

H reaction buffer; 

b. the amount of probe, with an activity of 40,000 cpm/^1, using 20,000 cpm per 
reaction, is 0.5|il of probe per reaction times 16 (the number of reactions +1) which is equal 

25 to 8.0^1 of probe; 

c. the amount of ddH20 needed to make up the volume to 3^1 per reaction. 
Since 0.5^1 of 1 Ox RNase H reaction buffer and 0.5^1 of probe per reaction, a total of 1 jil, is 
added, an additional 2y\ of ddH20 per reaction (3^1 minus volume of probe minus volume of 
lOx RNase H reaction buffer) times 16 (the number of reactions +1) which is equal to 32^1 

30 ddH 2 0. 

5. Distribute Cocktail: Aliquot 3(il of the cocktail into each of the control and 
target reaction tubes. (This assumes a base volume of 5^1 per reaction). 

6. Add RNase: Add 1 |il of RNase H enzyme to the target sample tubes and the 
second control (-target/+RNase H). Do not add enzyme to the first control (-targetARNase 

35 H). This step should be done with care since the enzyme is usually in a high concentration of 
gylcerol and is thus difficult to pipette. The enzyme can be added to the side of the reaction 
tube and then spun down into the tubes to get the enzyme in or the enzyme can be added 
directly to the liquid volume already in the tube. Each tube at this point should have 5(il total 
volume. 



/ 
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1. Incubate: Incubate all reactions @65°C for 30'; centrifuge briefly after 
reaction time. 

8. Analysis: Add 5^1 RNAureadye (RNA urea dye consists of 0.44g urea in 

0. 5mls of lOmM Tris pH 7;5, lOOmM Na2EDTA, 0.01%BPB&XC in 1 ml.) and centrifuge if 
5 necessary. The samples can be run on a 20% denaturing polyacrylamide gel for subsequent 

analysis. 

Fig. 2 shows the reaction products of CPR performed as described above. From left 
to right the lanes show the reaction products of the following: Control 1 (-RNase HAtarget); 
control 2 (+RNase/-Target); target concentration 10" 5 pMole; target concentration 10" 6 
10 pMole; target concentration. 10" 7 pMole; target concentration 10" 8 pMole; target 

concentration 10" 9 pMole; target concentration 10- 10 pMole; target concentration 10" 11 
pMole; target concentration 10" 12 pMole. The upper band represents the probe and the 
lower band represents the RNase H cleavage products. 

Other embodiments are within the following claims. 
15 What is claimed is: 

1 . A method for detecting a single-stranded target nucleic acid which comprises: 

a. providing a reaction mixture which includes the target nucleic acid, a 
complementary single-stranded nucleic acid probe, the probe being present in molar excess 
relative to the target and having the structure 

20 

[NAi-R-NA 2 ] n 

wherein NAj and NA 2 are DNA sequences, wherein R is a scissile nucleic acid linkage, and 
wherein n is an integer from 1 to 10, and RNase H, the RNase H being present at a chemical 
25 potential sufficient to substantially increase the rate of duplex formation over what would be 
formed in the absence of the RNase H, and allowing target-probe duplex to form; 

b. treating the target-probe duplex from step (a) so as to cleave the probe within a 
predetermined sequence of the scissile nucleic acid linkage and thereby form at least one 
intact DNA-containing oligonucleotide fragment from the probe, such fragment being, or 

30 being treated so as to be, no longer capable of remaining hybridized to the target nucleic acid; 

c. repeating the cycle of steps (a) and (b); and 

d. detecting the intact DNA-containing fragments so formed and thereby 
detecting the single-stranded target nucleic acid. 

35 2. The method of claim 1 , where said method is performed at a temperature 

above the Tm of said duplex. 

3. The method of claim 1 , wherein said temperature is at least x C°, wherein x is 
5, 10, 20, 30, 40, 50, 60, 70, or 80, above said Tm. 
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4. The method of claim 1, wherein the rate of duplex formation is increased by at 
least y fold, wherein y is 2, 5, 10, 50, 100, 500, 10^, 10 4 , 10*, 10*, by the addition of RNase 
H. 

5 

5 . The method of claim 1 , wherein the rate of duplex formation in the absence of 
RNase H is substantially zero. 

6. The method of claim 1 , wherein the concentration, number of molecules of, or 
10 the chemical potential of, the RNase H is greater than the concentration, number of molecules 

present, or chemical potential of said probe, said target, both said probe and said target, said 
duplex, or the combination of said probe, said target, and said duplex, e.g., at least z fold 
greater, wherein z is at least 1, 2, 5, 10, 25, 50, 100, 500, 1<)3, 10 4 10^ or, 10*. 

15 7. The method of claim 1 , wherein the concentration, number of molecules of, or 

the chemical potential of, the RNase H is sufficient to allow: detection of one target 
molecule in a biological sample, with a probe labeled with an activity of 40,000 cpm/^1, 
using 20,000 cpm per reaction, detection of a target strand at a concentration of 10~ 5 pMole 
or less, the detection being carried out with a probe labeled with an activity of 40,000 cpm/^1, 

20 using 20,000 cpm per reaction; detection of a target strand at a concentration of 1 0" 6 pMole 
or less, the detection being carried out with a probe labeled with an activity of 40,000 cpm/^1, 
using 20,000 cpm per reaction; detection of a target strand at a concentration of 10' 7 pMole 
or less, the detection being carried out with a probe labeled with an activity of 40,000 cpm/^1, 
using 20,000 cpm per reaction; detection of a target strand at a concentration of 10" 8 pMole 

25 or less, the detection being carried out with a probe labeled with an activity of 40,000 cpm/nl, 
using 20,000 cpm per reaction; detection of a target strand at a concentration of 10" 9 pMole 
or less, the detection being carried out with a probe labeled with an activity of 40,000 cpm/|il, 
using 20,000 cpm per reaction; detection of a target strand at a concentration of 10' 10 pMole 
or less, the detection being carried out with a probe labeled with an activity of 40,000 cpm/^il, 

30 using 20,000 cpm per reaction; detection of a target strand at a concentration of 10" 1 1 pMole 
or less, preferably the detection being carried out with a probe labeled with an activity of 
40,000 cpm/jal, using 20,000 cpm per reaction; or detection of a target strand at a 
concentration of 10" 1 2 pMole or less, the detection being carried out with a CPR probe 
labeled with an activity of 40,000 cpm/jil, using 20,000 cpm per reaction. 



8. The method of claim 1 , wherein said probe and said target are present in 
substantially equal amount, concentration, number, or chemical potentials in said reaction 
mix. 
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9. The method of claim 1 , wherein the ratio by weight, molarity, number, 

»: concentration, or chemical potential of said probe to said target is less than or equal to 1:1, 
2: 1,5: 1,1 0:1, 25:1, 50:1, 100:1, or 10 n :l, wherein ri is an integer between 3 and 10, 
inclusive. 

,:5.: • ... , •• ■■■ - • .^\7 . 

10. The method of claim 1 , wherein the ratio by weight, molarity, number, 
concentration, or chemical potential of the RNase H to the single strand in the highest 
concentration is greater than 1:1, 2:1, 5:1, 10:1, 25:1, 50:1, 100:1, or 10 n :l, wherein m is an 
integer between 3 and 10, inclusive. 

10 

11. The method of claim 1 , wherein said RNase H will accelerate the rate of 
duplex formation at least n-fold, wherein n is 2, 5, 10, 50, 100, 500, 103, 10 4 , 10*, 10^ 

12. The method of claim 1 , wherein: the target is a DNA molecule; the target is an 
1 5 RNA molecule; the target is a synthetic, purified natural, genetically engineered, or 

recombinant DNA or RNA molecule; the target is a naturally occurring nucleic acid, e.g., a 
genomic molecule, or chromosome, e.g., a viral, bacterial, plant, or animal nucleic acid. 

13. A method of claim 1 , wherein the oligonucleotide fragment in step (b) is 
20 labelled with a detectable marker and labelled fragments are detected in step (d). 

14. A method of claim 1 , wherein the oligonucleotide fragment is step (b) is 
unlabelled, but capable of being labeled with a detectable marker, the fragment is so labelled 
prior to step (c) or (d), and labelled fragments are detected in step (d). 

25 

1 5. A method of claim 1 , wherein the scissile nucleic acid linkage is an RNA 
sequence. 

16. A methods of claim 1 , wherein NA] and NA2 independently comprise from 0 
30 to about 20 deoxyribonucleotides and R comprises for 1 to about 100 ribonucleotides. 

1 7. A method of claim 1 , wherein n is an integer from 2 to 1 0 and wherein at least 
one of NA] or NA2 varies within the probe. 

35 1 8. A method of claim 1 , wherein n is 1 . 

19. A method of claim 1 , wherein the treating in step (b) comprises contacting the 
double-stranded target-probe complex with a double-strand specific ribonucluclease. 



/ 
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20. A method of claim 1, wherein the probe is immobilized on a solid support. 

21 . A method of claim 15, wherein the unlabelled fragment has a 3'-hydroxyl 
group and wherein the labelling of the fragment comprises RNA tailing from the 3'-hydroxyl 

5 group. 

22. A reaction mixture for detection of a single-stranded target nucleic acid, 
comprising: 

a single-stranded target nucleic acid; 
10 ^complementary single-stranded nucleic acid probe, the probe being present 

in molar excess relative to the target and having the structure [NA]-R-NA2] n wherein NAj 
and NA2 are DNA sequences, wherein R is a scissile nucleic acid linkage, and wherein n is 
an integer from 1 to 10; and 

a RNase H, the RNase H being present at a chemical potential sufficient to 
1 5 substantially increase the rate of duplex formation over what would be formed in the absence 
of the RNase H. 

23. The reaction mixture of claim 22, wherein the detection is performed at a 
temperature above the Tm of said duplex. 

20 

24. The reaction mixture of claim 22, wherein the rate of duplex formation is 
increased by at least n fold, wherein n is 2, 5, 10, 50, 100, 500, 10^, 10 4 , 10 5 , 10$ by the 
addition of RNase H. 

25 25. The reaction mixture of claim 22, wherein the rate of duplex formation in the 

absence of RNase H is substantially zero. 

26. The reaction mixture of claim 22, wherein the concentration, number of 
molecules of, or the chemical potential of, the RNase H is greater than the concentration, 
30 number of molecules present, or chemical potential of said probe, said target, both said probe 
and said target, said duplex, or the combination of said probe, said target, and said duplex, 
e.g., at least n fold greater, wherein n is at least 1, 2, 5, 10, 25, 50, 100, 500, 10^, 10 4 10^ 
or, 10 6 . 
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